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Mr. Steve Conliff

Fernald Investigative Group .
% Bleecker Publishing

P. 0. Box 21785

Columbus, Ohio 43221

Dear Mr. Cpn]iff:
THE ORIGIN OF K-65 MATERIAL

In response to questions asked about the origin of K-65 material, all
available information was reviewed to define the source of this material. The
K-65 Silos are two (2) large concrete storage structures which were built in
1951 and 1952 at the Feed Materials Production Center (FMPC) at Fernald, Ohio.
Their purpose was to provide storage for the residues of pitchblende
processing. These residues were referred to by the designated code name "K-
65". The name refers specifica]]y'to various radium bearing raffinate wastes
generated in the processing of pitchblende and other radium bear1ng ores. A
code name was also used for the p1tchb1ende ore before processing, it was
called "Q-11".

The pitchblende ore was processed for its uranium value. Since the
concentration of uranium was quite high in this ore, the amount of radium, as
would be expected, was also significant. The great majority of this ore came
from one mine, the Shinkolobwe, in the Belgium Congo. This mine began
operation in 1921 for the purpose of obtaining radium. With the increased
importance of uranium during the 1940’s it was reopened in 1943 and operated.
for its uranium content. As the radium was still of considerable value at
that time, an agreement was reached between the Atomic Energy Commission (AEC)
and African Metals based on the ore being processed for removal of uranium,
with the provision that the residue from this processing would be returned to
its owner, African Metals. The agreement, although more cumbersome to
administer than a simple purchase of ore, was necessary due to the lack of

adequate alternative sources of uranium ore for the expanding program of the
AEC.

The residues which are stored in the K-65 Silos were generated at the '
Mallinckrodt Chemical Works (MCW) in St. Louis, Missouri, as well as by NLO at
FMPC. The process which was used for extraction of uranium at Mallinchrodt
Chemical Works was the dual-cycle ether process. This process was d1fferent
from TBP-kerosene extraction systém utilized at the FMPC. . 1
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The residues of this processing were originally sent back to African Metals.
However, beginning April 1949 the residues were no longer returned to African
Metals following processing, but were stored for future shipment. Due to
continued production, storage began to be a problem As a result, shipments of
the drummed K-65 residues were sent to Lake Ontario Ordnance Works (L.0.0.W.)
near Niagara Falls, New York. Also, the two K-65 Silos were planned as a part
of the uranium processing plant due to be constructed at Fernald, Ohio. Their
completion so early in the construction of the plant may indicate the priority
placed on their role in the uranium production process at that time. It is
significant to note that the availability of concentrates during subsequent
years changed the need for such storage of radium containing residues.

Some of the drums which were sent to L.0.0.W. were emptied into a concrete
water tower at that site. A smaller number (about 6,000) were shipped to
Fernald by rail. Also, the continuing production at Mallinchrodt resulted in
about 25,000 drums being sent form St. Louis to FMPC. These shipments began
in 1951. These drums were sent to a drum handling building which had been
built specifically to transfer the contents of the drums of offsite origin
into the silos. The system used was based on slurrying the material into the
silo (the same method as would be utilized later from the Hot Raffinate area,
the primary difference being the distance form the silos). The result of the
additions of the material from L.0.0.W. and from St. Louis was the completion
of filling of Silo 1.

The operation of the FMPC Refinery ran concurrently with the completion of
processing of the offsite drums through the drum handling building. It is -
understood, therefore, that although Silo 1 was filled completely from offsite
drums, Silo 2 material is a mixture of offsite K-65 material and FMPC
generated K-65 material. A reference to the chronology of silo filling with

-MCW and NLO generated material is included. The primary information which can

be gained form this reference is that prior to April 1956 the material placed
in the silo was a mixture of MCW and NLO material. During 1957 ‘and 1958, the
residue of processing Australian pitchblende was added to the silo. The total
amount was 380,451 1bs (in contrast to 19,004,675 1bs. of Congo origin). The
remainder of the material added until the final decanting of the silo was
residue generated by NLO from the remaining Congo ores.

After Silo 2 was decanted, some drummed material was added. Most of this
material was soil which was contaminated with K-65 material. This occurred
due to the drum storage adjacent to the drum handling building.

In summary, the great majority of K-65 material comes from processing ore from
a mine in the Belgian Congo. A much smaller amount come from processing
pitchblende ore from Australia. This material was processed with either the
dual-cycle ether process or the TBP-kerosene extraction system.
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In regard to your question regarding the K-65 residue as Manhattan Project
material, a letter is enclosed on this subject. Similarly, in regard to the
issues raised in your newsletter, the FEMP approach is summarized in
"Radioactivity Detection and Evaluation at the FMPC", also enclosed. Finally,
in regard to your question regarding the material in Silo 3, the enclosed flow
diagram from the 60’s addresses this issue.

If any further information is desired, please contact Teressa C. Kwiatkowski

at 513-738-6004 or me at 513-738-6158.
S?ncere] 6, ,

Randi B. Allen
FO:Allen _ Operable Unit 4 Manager

Enclosure: As stated
cc w/encl.:

L. C. Bogar

J. P. Hopper

D. A. Nixon

AR File

ERA Project File
Central File
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BOVEMEER 1988 - 1\ shifts &mped 260 &rums. Plagwsd vitd fressm limes,
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194

i
i
|
i
]

cangaigred $0 the starege tamks. Imtroductien of Q-ll teo the refiaery

would preceds these dates oBe Or tvo Yee

ees
Cextral Files

xi/ng

Dt ST e e




Ref.Hery >l BbHAALe | Ly L€ parstiie T?. I T I S S

Extvictbn Ste \sum w 3

Ca N{ Fe_ o N, Fe N Maddrid) [Ty
%. vepid i mebMl] dp gl 1nly Mo

. e

g Hrq'k

=y

Fep

A
it
3
Y
]
¢
|
<
i
.~
1
|
i
!
i

ract.on Storas o
o T
a mnr{ )

S lurry
|

PP PUNPH Py IS




From:
Sate:

Subject:

To

] S |
- GEEEER o5
R. A. Vogel (6748) \ WMCO:CP:0U4:91-009

January 29, 1991 ' ‘ - -

THE K-65 SILOS IN RELATION TO THE MANHATTAN PROJECT

D. A. Nixon

The question has been raised as to the correctness of the use of the
term Manhattan Project wastes in relation to the material in the K-65
silos. This is not an accurate reference since the residues in the K-65
silos were not generated as a part of the Manhattan Project.

The material in the K-65 silos is residue remaining from pitchblende ore
which was treated to remove uranium. Most of the ore used in this
process came from one mine in the Belgian Congo. The uranium removal
was done at the FMPC by NLO and at Mallinckrodt Chemical Works (MCW) at
St. Louis. The extraction at Mallinckrodt Chemical Works was based on a
dual-¢ycle ether process. At the FMPC, extraction was based on a TBP-
kerosene process. In either case uranium was removed form the ore,
leaving the residues we refer to as K-65 residues.

To understand the separateness of these residues from the Manhattan
Project, it is important to note that none of the K-65 residues stored
at FMPC were generated prior to April of 1949. Prior.to that time, it
had been the policy to return the residues to the Belgian owners
(African Metals) of the material. Beginning in April of 1949 this
policy was no longer followed. (Page 3 Attach. 1) The material
generated after this time was placed in drums for eventual storage at
Lake Ontario Ordinance Works and at the FMPC. . _.-:w..... .

The Atomic Energy Commission took over the functions of the Manhattan
Engineering District in 1946. The Manhattan Project was essentially
complete at this time. Any pitchblende residues which may have remained
from the project are understood to have been returned to African Metals

prior to 1949.

Gl ld

R. A. Vogel
Operable Unit 4

RAV:1em
Attachment

c: D.J. Carr F. F Haywood, Lee Wan AR Files

J. R. Craig, DOE/FMPC  S. Wolinsky, ASI/IT Central Files

S. W. Coyle . ERA Project File ‘ I
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In ssocydance vith rvcent agreenent, there i3 set forth below pertinent
{nformation regarding fadium Calke Storags (T-65).

l. Balected Excerpts [roa pltechbland Cre Swply Contract (Ldriniatered

by EXO)4

*(b) Unlsss otdarvise mtually agreed, all £-65 bearing sludgss

. shall bd vaighed and sampled by t=a Buyer at the locaticm

share the oo snd are conceatratss ars processed fer the ex-
tracticm of Q-11 {n scocrdance with the msthods set farth in
5{(4), irticls II and in the presance of a represeatative of

ths Sellar If :Zs Sellar shall so desirs. Thess slndges 50
wighod aod sanpled sball be packed in ccataivers suitanls

)] feohi;mtwmsim‘s:admubcddinrdu&&sm

F.heSe WQ in § ar R.

7¢ the Sellsr 30 elscts tha K45 bearing sludges, after
waighing and sampling, sball Se vlsced in outdoar bulk storzoe

wod the Puyer agrees to construct of acquire apd smmintain out-
der ik starsxe facilities scceptable to the Sellsr and
. ?_. Delivexry of suen sludr-s EE.LI De naae to s Sellar
S tar wighiag and saspling and suchk sludges skall be at the

S
L risk of ke Seller sftesr they have ceen pliced in alk storzge. f
= <§ The Buysr agrees that 1¢ will store such sludges far ths N
=25 : Saller uatil tan (10) years aftsr the dats of the first de= |
S5 ) ’\ l¢very of soch sludges resulting f£om the proeesaing of the i
zxz VYV g o and ore ooncentrates under tils contract from the Bwywr |
SEIN\? ta the Seller, .
¥ ~§ N ,I\ d) T Sellsr shall bave the right to inspece such swTage )
TZ= N\ v  faeilitiss at sny tims and the Buyer agrees st the Buyuris ™ |
ez IS sapenss o vitbdraw from storage and ship such quantitiss of (
= ) L-55 Dearing siudges as the Saller =ny require packed in suit- ‘
‘5! abls comtaimers to the Sellsr F.i.S. part in S o= ¥, The
Sellar further agrees that ¢t rill glive Tsasanacls notice to
mmdiunqnirmuofxmuudzuubom.ppd
bymommw&norunmn@mmm“d%‘—
drsw £rom tulX stoonge and ship quantitiss of less than oo |
herstrad (109 tons of such slvdge nor requiss the Bayer te silip /
uantities less tham £L0ty (50) tons whers such slicges v |
: A0t bean-—Piased—tainii-—roTETeS -
| paosgoras 0% o | | g ' —r : ‘
S e =] 0 e " o o B i py 1
T Z2 R YA Y Y o7 | __ORG.582Go. ..
. RASE=S ¥ l - - '
st | 3/” % : l o | % |

sartmemzenn v e e {




: Ny
| 270
*(9) Do sesh of jush storsge facilitiss and ‘he expense of mintaining 0
raah slerage, Incloding the guarding of the storzge area, shall be
p or tbs Buyur but with respect % €45 buaring sludges wni-
Save Deea placed {n bulk storage shich Lhe Seller subsequantly wishes
to witddray from such storage and snlp 8s specified 18 subparagraph (d),
the Seller ahall relaburse the Buyer for the cost of such storage
facdtlities by paying ‘he 3uyer an amount equal to the cost af containers,
packing and shipssnt of such sludges until such amoun's expendsd by the
Cayer for ths aocquizition and cocnstruction of such storage facilitiss
sball hsve been paid for by the Seller. The Seller agrees to reicburse

) \ta boer qurterly for ene-tulf (1/2) of W saintaBince experses,
’

u {naluding the ccst of guaruing, 3he Sellar abilI bave an option to
, '| puredasze such storage facilitiss froa s Buyer at say tims during ths
tam (10) year pariod specifisd in sutpsragraph (¢) &% an amcunt equal

1 » i
'.'/' 41 to tha Buyer’s total cost of asquiring &nu constructicn of such facilie
v Vg %408, redoced by such emounts as the Sellar shall have paid to the Buyer
.",«0’ a3 smounts oquivalant to the cost of containsrs, pmaking, and shipesnt
1*‘5" / ~ of sach sludgss withdram from bulk storage,
V
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5(£) In ths ovent that the Sellar doss not.-exarcise the option to purchase
providsd for in subparagraph (e) end gives no instructions to the Buyer
regarding the shipemnt of L~%5 tearing sludges which resain in bulk
gtorage at ths and of the tea (10) year pericd named in subparagrsph (o),
above, sueh sludgzss sball be trsated as avandcoed by the Seller to tha

Buyer wnlsss otbarwise zutually agreed,

*(g) Residues and sludgas.otbsr than (65 bearing sludges which shall remaiz
aftsr the extrastion of (~11 shal!, unless otherwise mutaally agxreed,
be stored by the 3uyer in cutdoor buik atorage acceptanis to tas cuywr
eod the Seller end ahall be at tha risk of thes Seller, At amy tims:
duriag the tem (10) year period nazed in subparzgraph (o) above, ths
Buyer s Jees to puck and snip such residues and sludgss to points
Yesigmted by ths Ssller but ths costs of packing and shipring such

\ ™esidnas and slodges shall be borme by the Seller. 1L the feller gives

,:.\no instructions to tha Buyer regardizg the dispesitiom o« such resicuss

\'and aludges with the ten (10) jwar period ramed in subparagrsph (c)

. adove, such residuss and sludges shall De treated as abandoned oy the

\ Seller t0 ths Buysr wilsss otharwise mitually agreed,”

® ars :nc ore concentrztes containing Q=11 shall

\
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Prisr Ve dprid 1, 1949, radium cake was retwned to the vendor as fast as
poesidis. AY the requsat of ths vender, hs Comispion on that date come
mnoed stering the radinm caks {n tha Unlted States, Tbe considarations

%o storage at that time are contained in report titlad °*Radiusm
Cia Jtarege?® PM by B. C. Su'gmt and H, F. R’icm, dated ‘pdl 22'
1949, 58 Sargmit-feichard report reco:mended storage in specially lined
drums, Jor mxdical reascas and because of the uncertainty ss to length of
time i3 stoTags, an existing above ground concrete watar tower at LOCH was
telsated for bulk storsgs. The LOOK tower was iospscted for the vendor by
the Stearzms-Roger Masufacturicy Company oo Decemoer 22, 1949 and Decemocer 2,
1549 who £irst rejsctod ths idea and than guve lixited approval to store
pot sare than 3750 tme:in the tower. Details of the Slaarns-Roger Feporis

are in your filss.

Ls of Felreary 28, 1951, sow 2100 tcos of L-65 Lave been dumped iato tte
LOCK tesoe md an additicnal 2000 tons are in drias at LOOW awaiting dumping.

Bascd &= e;nnmt.icn of 120 tons/mo of pitchtlend ore at tts KCX Refirery,
will be [-8S produstion at the rats of asout 1L0O tozs/mo.

Distrivctica

cxy 1 « D, Co Yoore
Cepy 2 = (perations Eranch
Copy 3 = Operstions Branch

CxTh=-X&EV

L &
'77.\0 s
N
$E9 ¥
SIS /\ -
TS5\ y
> &S Y,
FIFVA
N )
S 2\
S 8t Y
< o\
fo"./y
Dy F /
Q- ;
gau3249y

cn




- O e e ———t

e e 0705

Gy
AT

WESTINGHOUSE MATERIALS COMPANY OF OHIO

RADIOACTIVITY DETECTION AND EVALUATION
AT THE FMPC

NOVEMBER 29, 1930

10




TABLE OF CONTENTS

1.0 INTRODUCTION
2.0 UNITS AND DEFINITIONS
3.0 MECHANISMS OF RADIATION DETECTION

4.0 SURVEY DETECTORS

5.0 FMPC LABORATORY METHODS OF RADIONUCLIDE

DETECTION

6.0 RUFS RADIOACTIVITY MEASUREMENT

INSTRUMENTATION DETAILED IN THE DRAFT QAPP |

7.0 REFERENCES

APPENDIX A: FMPC ANALYSIS FILE FOR CHOICE SAMPLES

16

<709

i1




1.0 INTRODUCTION

The following report is intended to be utilized as a radiological
information source. It is also intended to serve as a link between the
radiological sampling and analysis groups with those individual
responsible for preparing Removal Site Evaluations (RSEs), Removal
Actions, and other documents which must evaluate radiological
contamination levels and determine the associated health effects. Also, it is
hoped that this document will be an evolving information source to satisfy
the needs or problems associated with radioactivity concepts and
calculations. In order to attain these objectives, and others which may
develop, any comments are greatly appreciated.

Contained in thlS report is a general discussion of radioactivity all centered
around the basic units and definitions commonly used by both the sampling groups
and other engineering groups. Additional information concerning the mechanisms
of radiation detection and the various instruments used is also included in an effort
to describe the processes and to provide insight to the limitations involved. A section
on laboratory methods of radionuclide detection is included in order to provide
engineers with the details of measurement practices so that the proper perspective
is available when developing removal action plans and schedules. The final section

deals with the specifications put forth as part of the Quality Assurance Project Plan

(QAPP).

The evolution of this 'document is intended- to providé,.ihat'_l"

information which is both specific and commonly needed in those areas
discussed above. The intent is to avoid producing a document that is either
cumbersome or unfriendly. Instead the approach was taken to provide both
a format for delivering pertinent and useful information as well as the
initial material expected to be desired by all of the organizations involved.
The material contained here can be either expanded or reduced as the
needs arise to continue to meet the objectives and the needs of the concerned
parties.
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2.0 UNITS AND DEFINITIONS
The purpose of this section is to introduce the basic units and their
definitions used in performing radiological investigations. This section
will cover several areas of radioactivity calculations which are pertinent to
the discussions of radiological measurement and analysis. Additional

information which may be needed by the users of this document can refer to
the reference section for texts providing further explanation.

RADIOQACTIVITY

The radiations of primary concern at the Feed Materials Production
Center (FMPC) and for the purposes of this document are those which
originate in atomic or nuclear processes. More spedifically, the radiations
which will be the focus of this radiological fact sheet are listed in Table 2.1.
They can be separated into three general types: 1) fast electrons, 2) heavy -
charged particles and 3) electromagnetic radiation. Fast electrons include
beta particles (positive or negative) emitted in nuclear decay. For the
purposes of this document heavy charged particles denote alpha particles.
In reality, heavy charged particles are defined as all energetic ions with
mass of one atomic mass unit or greater, which would include alpha
particles, protons, fission products, or the products of many nuclear
reactions (Knoll, 1979). Electromagnetic radiation are X-rays, which are
emitted in the rearrangement of electron shells of atoms, and gamma-rays
which-originate from transitions within the nucleus (Knoll, 1979).

TABLE 2.1: CLASSES OF IONIZING RADIATIONS PERTINENT TO THE
: FMPC RADIOLOGICAL INVESTIGATIONS

Type of Radiation ate of Radiati
Charged Particle Radiation Fast Electrons

Heavy Charged Particles

Electromagnetic Radiation -

Uncharged Radiation
Gamma-Rays and X-Rays
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. The activity of a radionuclide is defined as its rate of decay, and is
given by the fundamental law of radioactive decay, shown in Equation 2.1.

dN _ .aN (2.1)
dt '

where the terms of Equation 2.1 are define as follows:

N = Number of radioactive nuclei.

A = Decay constant for the radionuclide, units of (seconds)-1.

The unit of activity has been described by the curie (Ci), which is defined as
exactly 3.7 x 1010 disintegrations / second. The more conventional unit
currently being employed is the SI equivalent, the becquerel (Bq). The
becquerel is defined as one disintegration per second or one becquerel is
equal to 2.703 x 10-11 Ci. Activity measures a source disintegration rate. Or
the other hand, the emission rate of radiation produced by decay is not
synonymous with activity, since often a given radiation will be emitted in
only a fraction of all the decays. A knowledge of the decay scheme of the
particular isotope is needed in order to infer a radiation emission rate from
its activity.

The specific activity of a radioactive source is defined as the activity per unit
mass of the radioisotope. The specific activity is defined by Equation 2.2.

. .. _ Activity AN AAy
S fic Activity = = =
pecilic ACHVIY = "Mass - NM/A, =M 22)

where the terms of Equation 2.2 are defined as follows:

M = Molecular Weight of samﬁle.

Av = Avogadro's Number (6.02 x 1023 nuclei/moie).

A = Radioisotope cecay constant (Ln 2/ half-life). ‘

0N
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The operation of any radiation detector is dependent upon the
mechanism in which the radiation interacts with the material of the
detector. Therefore, in order to understand the response of a particular
detector to a given radiation it is necessary to understand the fundamental
mechanisms by which radiations interact and lose their energy in matter.
In order to gain a thorough description of these interactions one can
consult any number of texts, several of which are listed in the reference
section.

Heavy Charged Particles

Alpha particles interact with matter primarily through their strong
positive charge interaction with the electrons of the absorber. The
interaction produces positive ions and free electrons. Alpha particles are
characterized as nonpenetrating radiation since their travel distances in
air are typically less than a few centimeters, while in tissue alpha particles

travel in the range of microns (um or 1 x 10-6 meters).

Fast Electrons

Fast electrons lose energy at a much slower rate in an absorbing
medium than heavy charged particles. In addition the path of fast
~ electrons- through -mate#fals i much less straight than heavy charged
particles would exhibit, such as the alpha particle. Tortuous paths are
expected for fast electrons since their mass is equal to that of the orbital
electrons with which they are interacting as a result they are easily
deflected during collisions. ' '

Gamma-Rays

Gamma-ray interactions are qualitatively different from that of
either alpha or beta radiation. Heavy charged particles and fast electrons
have definite ranges in matter, and as a result can be completely absorbed;
therefore, gamma-rays can only be reduced in intensity by using
increasingly thicker absorbers. Gamma radiation can not be completely
absorbed.
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There are primarily three interaction mechanisms by which gamma.

rays interact with matter: 1) photoelectric absorption, 2) Compton
scattering, and 3) pair production. A more detailed description of these
processes can be found elsewhere, it sufficient to state that all of these
processes lead to the partial or complete transter of the gamma-ray photon
energy to electron energy. These processes cause the gamma-ray to either
disappear entirely or be scattered through a large average angle. Gamma-
ray interactions are therefore in sharp contrast to the charged particle

radiations discussed earlier which slow down gradually through multiple -

interactions with numerous absorber atoms."

DECAY SCHEMES

The transformations of natural radicisotopes occur by one of two
processes: alpha or beta emission. These processes result with
conservation of charge, and with mass changes that are strictly accounted
for either by the energy change of the products according to Einstein's law
of energy and mass equivalence, or by the emission of a gamma-ray. Alpha
decay results in a product isotope four units lower in mass and two units
lower in nuclear charge. Beta decay produces a very small mass change,
but nuclear charge increases by one unit. In some situations a radioisotope
can decay by either beta or alpha emission, for example the case of Bismuth.
214 (atomic number 83) as shown below. This process is called "branching"
and the relative probability of decay by each process is called the "branching
ratio.”

Bi§§4 - T1§11° + Heg 0.04 Percent
214

BiZi* > Pogi* + %,  99.96 Percent

The isotopes formed by a sequence of transformations constitute the

members of a radioactive series. A natural radioactive series originates

with a long-lived element and ends with a stable isotope. There are four
principal radioactive series: 1) uranium-radium series (4n + 2), 2) the
thorium series (4n + 0), 3) the actinium series (4n + 3), and 4) the
neptunium series (4n + 1), which no longer occurs in nature. These are the
only possible radioactive series, since beta-ray emission does not change the
atomic weight, usually denoted by a capital "A", and since proton or
neutron emissions do not occur. Figures 2.1, 2.2, and 2.3 illustrate the
decay chains of the uranium series, with the parent of uranium-238, the
thorium series. with the parent of thorium-232, and the actinium series
with the parent uranium-235, respectively. X ¢
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SECULAR EQUILIBRIUM

Secular equilibrium refers to the relatively rapid buildup of a very
short-lived daughter from a long-lived parent. For instance, consider the
five member series starting with krypton-90 and ending with zirconium-90
(Cember, 1987):

B B B B

Krgg ->Rb§$ —-)Srgg - Y398—>Zr28
33s 274m 199y 642h

In this series Kr3g decays by beta emission, with a half-life of 33 seconds, to

Rb3s. Due to the short half-life of Kr3g, any amount of Kr3e will in"sfhort~ ‘

time period, approximately 10 minutes, be transformed completely into
Rb37. As a result the activity of strontium-90 will quickly build up. The Y39,

daughter of strontium-90, will accumulate much faster than the decay of
strontum-90. After approximately seven half-lives of yttrium-90, a point is
reached whereby the instantaneous amount of strontium-90 that
transforms is equal to that of yttrium-90. At this point the yittrium-90 is
said to be in secular equilibrium with the strontium-90. At equilibrium the
activity of the parent equals the activity of the daughter:

Nparent Aparent = Ndaughter Adaughter
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RADIOA E R

Two other general cases of radioactive equilibrium should be considered.
Unlike the case of secular equilibrium where the daughter half-life is very mmuch less
than the parent, (AA << AB) these cases deal with the situations where: 1) the
parent half-life is only slightly greater than the daughter, (A < AB) and 2) the case
where the parent half-life is less than that of the daughter,(AA > AB),In the first of
these two cases, where the parent half-life is slightly greater than the
daughter and given that the parent is initially pure and free of any
daughter activity, the relationship between the daughter and the parent
develops into what is known as transient equilibrium. The daughter
activity starts at zero rises to a maximum and then seems to decay with the
same half-life as the parent. At this point the daughter is undergoing
transformations at the same rate as it is being produced. The following
expression explicitly represents the activity of the daughter.

AgNg = AsAaNa, (e-Aat - g-Ast)
AB-Aa

where:
AA = Decay constant for the_pafent.
- AB = Decay constant for the daughter.
NA = Initial number of parent atoms.
After a sufficiently long time, given that the decay constant for the

daughter is greater than that of the parent, (AA < AB), then the expression
representing transient equilibrium can be written as follows:

Ag - Ay
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Figure 2.4 represents the buildup and subsequent decay of a
daughter and parent :a a transient equilibrium situation. The time when
the parent and daughnter isotopes may be considered to be equilibrated
depends on their respective half-lives. The shorter the half-life of the
daughter, relative to the parent, the more rapidly will the equilibrium be
attained.

In the case where the half-life of the daughter exceeds that of tHe
parent, no equilibrium is possible. The daughter activity reaches a

maximum and then reaches a point where it decays at its own
characteristic rate. This case is represented in Figure 2.5.

FIGURE 2.4: TRANSIENT EQUILIBRIUM
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FIGURE 2.5: NO EQUILIBRIUM CONDITION
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RADIOACTIVITY CALCULATIONS

The purpose of this section is to illustrate some of the basic

calculations previously discussed. The following calculations are -

described: 1) derivation of natural uranium activity fractions, 2)
calculation of specific activity, and 3) formulae used for determining
percent enrichment of uranium-235 in a sample.

Derivation of Natural Uranium Activity Fractions

Activity is defined by Equation 2.3, where "N" has units of atoms per
gram and A is the decay constant with units of inverse seconds.

Activity = N x A (2.3)
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Consider, for instance, the calculation of natural uranium activities in a
one gram sample. Equation 2.4 illustrates the formula for determining the
activity distributions for natural urapium. Figures 2.1 through 2.3 list the
half-lives for the three isotopes of uranium. The terms "N" and A shown in
Equation 2.4 are defined by Equations 2.5 and 2.6. Natural uranium
contains 99.283 percent uranium-238, 0.711 percent uranium-235, and
0.0054 percent uranium-234. , '

Natural Uranium = NA(% U-238) + NA(% U-235) + NA(% U-234) (2.4)
Activity

N = Ar . mole (2.5)

A= Ln 2 2.6)

" halfli d . o4hr S
halfhfex365yrx24 d x3600hr

Using Equations 2.5 and 2.6 to determine both "N" and A for each
isotope and then inserting the results into Equation 2.4 gives the following
activities in the one gram sample:

Uranium-238 = 1.23 x 104 disintegrations /s
Uranium-235 = 5.65 x 102 disintegrations /s

Uranium-234 = 1.23 x 104 disintegrations/s

Notice that the activities for uranium-238 and uranium-234 are equal. This
is expected for natural uranium since the half-life for uranium-234 is
much smaller than the half-life for uranium-238 and therefore the
uranium-234 has come into secular equilibrium with the its parent
uranium-238. :
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A curie is defined as 3.7 x 1010 disintegrations / s. Therefore,

dividing the activities above by 3.7 x 1010 gives the acnvxty of each
radionuclide in units of curies. Using the fact “that one picocurie (pCi) is

equal to 1 x 1012 curies, the following picocurie activities can be expressed:

Uranium-238 = 3.3 x 105 pCi; fraction = 0.4887
Uranium-235 = 1.5 x 10¢ pCi; fraction = 0.02266

Uranium-234 = 3.3 x 105 pCi; fraction = 0.4887

Notice that the fraction of uranium-235, found by dividing the activity
of uranium-235 by the total activity, is equal to 0.02266. If a total uranium
value is given with units of picocuries per gram and the isotopic activity
distribution is known to be natural, or normal, then one can simply
multiply the total activity by the fractions above in order to obtain the
isotopic activities.

Determination of Percent Uranium-235 Enrichment for an Isotopic
Uranium Sample .

If a sample is expressed isotopically in units of micrograms per
gram (ug/g) for uranium-238, uranium-234, and uranium-235, then the
percent enrichment of uranium-235 would be described by Equation 2.7.
However, when the concentrations are in activities this procedure can not
be used. Instead one must use the specific activity of each isotope in order
to convert the activities to a mass unit. Recall the specific activity was
defined by Equation 2.2. Table 2.2 lists the specific activity for uranium-238,
uranium-235, and uranium-234. .

U-235 (ug/g) ‘ | |
100
(U-235, ng/g) + (U-238, pg/g) + (U-234, ug/g) X s

% U-235 =

D




TABLE 2.2: SPECIFIC ACTIVITIES FOR URANIUM-238,
URANIUM-235, AND URANIUM-234

RADIONUCLIDE SPECIFIC ACTIVITY
Uranium-238 3.34x 105 pCi/g
Uranium-235 - 246x 106 pCig
Uranium-234 6.19 x 10% pCi/g
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The purpose of this section is to discuss the five principal
mechanisms used to detect radiation: 1) ionization, 2) proportional, 3)
Geiger-Mueller, 4) scintillation, and 5) semiconductor. Ionization
chambers, proportional counters, and Geiger tubes all function, in

somewhat different ways, by creating an electrical signal when ion pairs

are formed within the gas as radiation interacts with the detector.
Scintillation detectors basically function by changing the energy of an
ionizing particle into a flash of light. Semiconductor detectors are based on
counting "electron-hole pairs” which are created by the charged particle
(primary or secondary radiation) as it passes through the detector.

Ionization Chamber Counters

Ionization chambers are considered the simplest of all gas-filled
detectors. The term "ionization chamber" has come to be known as any
type of detector in which ion pairs are collected from gases. The normal
operation of an ionization chamber counter is based on collecting the
charges, using an electric field, which result when ionization occurs using
relatively low voltages within the gas of the detector. When a constant
amount of radiation is allowed to pass through a detector, and the voltage is
varied, several distinct regions of significance appear which are important
to radiation measurement (Cember, 1987). Figure 3.1 illustrates this
concept (Cember, 1987). The low voltage region is referred to as the
ionization chamber region. Cember describes "low voltages” as a voltage
great enough to collect the ions before a significant fraction of them are able
to recombine, yet not great enough to accelerate the ions sufficiently to
produce secondary ionization by collision (Cember, 1987). Furthermore, in
the ionization chamber region the number of electrons collected by anode
(positive terminal) will be equal to the number produced by the primary
ionizing particle (Cember, 1987).  As a result, the pulse size will be
independent of the voltage and will only depend upon the number of ions
produced by the primary ionizing particle as it passes through the detector
(Cember, 1987). This linear relationship, with constant current. between
pulse size and the number of ions produced for ionization chamber
counters makes them able to distinguish between radiations of different
specific ionization, such as alphas and betas or gammas (Cember, 1987 and
Knoll, 1979). '
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FIGURE 3.1: PULSE HEIGHT VERSUS VOLTAGE DIAGRAM
ILLUSTRATING THREE REGIONS OF GAS-FILLED DETECTOR |
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Proportional Counters

Similar to Geiger-Mueller counters, which will be discussed next,
proportional counters are based on the phenomenon of gas multiplication to
amplify the charge created by the ion pairs which formed as the ionizing
radiation passes through the gas of the detector. A disadvantage of
operating a counter in the ionization chamber region is the weak output

pulse, which requires either a large amount of amplification or a high

degree of input sensitivity in the scaler (Cember, 1987). A method for over
coming this problem, and yet still taking advantage of pulse size
dependence to distinguish between radiation types, is to operate the counter
in the proportional region (see. Figure 3.1) (Cember, 1987). The
proportionality region occurs as the voltage across the counter is increased
beyond the ionization chamber region and at the point where secondary
electrons are produced by collision. Proportional counters can distinguish
between alpha and beta radiation, and more specifically beta particle
activity can be obtained from the alpha and beta count rate.
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Geiger Counter

If the voltage is increased in the gas filled detector beyond the
proportional region, an avalanche of secondary electrons extends along the
entire length of the anode and the Geiger region begins (Cember, 1987). In
the Geiger region the size of all pulses, regardless of the specific radiation
type, is the same. Therefore, in the Geiger region a counter cannot
distinguish between several types of radiation. The advantage of operating
in the Geiger region is that the very large output pulses, due to the high gas
amplification, eliminates the need for a pulse amplifier or an amplifier that
does not have to meet the specific requirements of high pulse amplification
(Cember, 1987). '

Scintillation Counter

A scintillation counter detects ionizing radiation by producing visible
light, which is recorded by a photonmultiplier tube, as the ionizing
radiation interacts with the scintillation crystal. A variety of materials can
be used as a scintillator. The most widely applied scintillators comprise the
group of inorganic alkali halide crystals, such as the sodium iodide crystal
(Nal). Scintillation detectors are based on a principle called fluorescence
which refers to the prompt emission of visible radiation from a substance
following its excitation. Scintillation counters are commonly used to count
gamma-rays and low-energy beta rays. Gas filled detectors have low
detector efficiencies for gamma-rays since the photons are easily lost before
they can be counted. Solid scintillating crystals, however, have high
detection efficiencies for gamma-rays.

Semiconductor Detectors

As compared to scintillation detectors, semiconductor detectors offer
the important advantage of providing much better energy resolution. In
scintillation detectors the process where radiation is converted to light and
then used to generate an electrical signal is somewhat lengthy and
inefficient (Knoll, 1979). As a result, the energy needed to produce one
photoelectron, signal carrier, is at least 1000 electron volts and the number
of carriers produced after the radiation interaction is usually no more than
a few thousand (Knoll, 1979). "The statistical fluctuations with such a
small number place an inherent limitation on the energy resolution that
can be achieved under the best of circumstances, and nothing can be done
to improve the energy resolution beyond this point (Knoll, 1979)."
"Semiconductor detectors reduce the statistical limit on energy resolution
by increasing the quantity of information carriers per pulse (Knoll, 1979)."
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Similar to the ion pairs created in the scintillation crystal, the basic
signal carriers in semiconductor detectors are the electron-hole pairs,
which are created along the path of incident radiation.

4.0 SURVEY INSTRUMENTS

Survey meters are described as portable field measurement
instruments and include the capability for detecting a variety of radiations,
such as alphas, betas, gamma-rays, and even neutrons.

Since alpha radiation is low penetrating, and therefore normally
does not constitute an external dose problem, alpha survey instruments are
needed only for detection of surface contamination. Typically the sensitivity
of alpha survey instruments is approximately 500 alpha/minute per 100
square centimeters based on a total source emission (4x) and a counting
efficency of 15% (DOE, 1980).

Beta and gamma radiation can present both a surface contamination
problem as well as an external radiation problem. Typically reliable
detection levels for beta radiation are approximately 600 beta/minute per
probe area for betas of 500 keV energy, using a thin window detector with a

window thickness of 1.4 to 2.0 mg/cm2 (DOE, 1980).

Ion chamber type instruments are usually used for beta and gamma
radiation dose rate measurement (DOE, 1980). Since potential exposure
rates in the field can vary considerably, two types of instruments are often
used. A large chamber instrument is used for low to moderate exposure
rates and a small ion chamber is used for high exposure rates. Both of
these types of instruments usually have the capability to permit
measurements of nonpenetrating radiation by sliding or removing the
outer shield. Table 4.1 provides a summary of these survey instruments
(DQE, 1980 and Kathren, 1974).
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TABLE 4.1: OVERVIEW OF PORTABLE SURVEY METERS

(Kathren, 1974)
lonizing Radiati o 1 C
Beta Radiation
Low Level Geiger Counter Readings should be
. made with window
High Level Ion Chamber open and should not

Photon Radiation

Low Level

High Level

Alpha Radiation

Geiger Counter &
Ion Chamber

Ion Chamber

Air Proportional

be considered as dose
rate measurements but

merely an indication.
Closed window response
should be subtracted to
provide better estimates.

Highly energy
dependent.

In mixed beta-photon
fields, readings should

be made with window
closed. In pure gamma

fields the arithmetic
average of the open and
closed window readings

will provide a more
accurate measurement.
Cannot be used in pulsed
fields.

Susceptible to altitude
(atmospheric pressure)
changes: also can be
adversely affected by
humidity.

- .
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TABLE 4.1: OVERVIEW OF PORTABLE SURVEY METERS CONTINUED

(Kathren, 1974)
lonizing Radiati T (1 . C
Alpha Radiation ' Gas Flow & Bulk’,Yuse time limited
Proportional by gas bottle contents;
requires purging.
Alpha Radiation . Scintillation High Sensitivity;

susceptible to light
leaks. Pinhole in
window can cause
spurious response.

The purpose of this section is to provide an overview of the scope and
principles developed by the analytical laboratory at the FMPC to determine
isotopic analyses. Appendix A contains the analysis file print-out for
CHOICE samples. This print-out provides a variety of information about
the isotopic labboratory, such as the different analyses which are
performed, method number, analytical procedure, and default units

- determined in the analyses. Two of the methods listed in Appendix A,

method number 4024 - isotopic thorium analyses and method number 6003
(now 6006) - isotopic uranium-235 analy51s are in draft form and are in the

process of being obtained.

Determination of Isotopic Uranium (wt %) - Method No: 6005

Method number 6005 describes a thermal ionization mass
spectrometry (TMS) procedure for determining isotopic uranium. This
method is used to determine uranium isotopic analysis, regardless of the
isotopic concentrations, from microgram quantities of uranium. Uranium

is initially separated into its matrix material and then purified prior to the

analysis.
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The TMS analysis for isotopic uranium takes about two hours. Once
the purified uranium sample, U30s, is obtained it is dissolved with nitric

acid. The solution of the purified uranium is deposited on two filaments
and dried. These filaments are attached to the ion sources and then
inserted into the spectrometer. :

The material on the filaments is chermally excited, ionized, and
accelerated through the magnetic field for ion separation. The isotopes are
measured individually and. sequentially using an electron multiplier by
changing the accelerating potential on the ion source. The intensity of each
isotopic species is proportional to the abundance of that species in the
original sample. The total of all isotope signals measured represents the
total uranium signal, therefore, each individual isotope signal is a
percentage of the total.

Radiometric Determination of Thorium-234 and Pa-234m in Effluents -
Method No: 4022

Method 4022 describes the analysis of thorium-234 and protactinium-
234m radionuclides in water effluents by gamma spectrometry using a
germanium (Ge) detector. This method is applicable to effluents containing
less than 2.5 g/L of soluable impurities. The activity of a one liter sample
measured for 24 hours has a lower limit of detection of 1 pCVL. After the
sample is appropriately prepared, it is placed in a 100 mL polystyrene vial
on a gamma spectrometer. The efficiency corrected net counts for the 93
keV (Th-234), 765 keV and 1001 keV (Pa-234m) photopeaks are used to
calculate the specific activities of the two radionuclides of interest. An NBS
mixed radiometric standard reference material is used to provide efficiency
corrections for the photopeaks measured. Measured activities are also
corrected for ingrowth and decay, back to the samplmg time.

Radiometric Determination of Radium-226 and Radium-228 in Various
Matrices - Method No: 4002

Method 4002 describes the analysis of sump effluents and production
by-products materials that are soluable in mineral acids. This method is
used to separate, and analyze, Ra-226 and Ra-228 from solutions containing
uranium, thorium, decay products, and nonradioactive materials. Typical
analysis time for both Ra-226 and Ra-228 is three days. The radium isotopes
can be determined to a lower detection limit of 0.010 d/m-mL.
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Radium is separated from other interferring elements using cation
exchange and coprecipitation with barium from a concentrated nitric acid
solution. The precipitate is further purified by passage through heated
cation exchange columns. Ac-228 is allowed to ingrow into a purified
radium solution. its activity is proportional to tfe amount of Ra-228 present
in the sample. The Ra-226 alpha activity is measured on a solid state alpha
spectrometer. The Ac-228 beta activity is measured, following elution of
these radionuclides from the resin, using a low background proportional
counter.

Radiometric Determination of Plutonium - Method No: 4019

This method is applicable to the separation of plutonium from
uranium fission products, soil, vegetation, and effluents. Analysis time is
dependent on sample matrix and activity level. Sample preparation and
purification are accomplished in 6-7 hours while the actual analysis time
requires an additional 24 hours. The method has an approximate lower
limit of detection of 0.35 d/m-mL.

The appropriately prepared sample of plutonium is inserted into the
alpha spectrometer and the plutonium activity is measured on the silicon
surface barrier detector. A correction is made for variations in plating
(preparing the plutonium sample) using a neptunium-237 spike.

Radiometric Determination of Neptunium-237 - Method No: 4003

The method is applicable to the separation of neptunium (Np) from
uranium fission products, soil, vegetation, and effluents. Analysis time is
dependent on sample matrix and activity level. Sample preparation and
purification are ‘@ccomplished in 6-7 hours and counting time requires an
additional 24 hours. Precision values are progressively better for higher
concentration levels.. The method has a lower limit of detection of 0.27 d/m-

mL of sample.

Radiometric Determination of Technetium-99 - Method No: 4007

This method is applicable to various uranium and copper matrices
that can be solubilized in weak acids or a basic media. The lower detection
limit for technetium-99 in uranium is 2.25 (U Basis) parts per billion (ppb)
with a relative precision of +/- 21.1% (95% confidence limit). The lower
detection limit for Tc-99 in copper is 20.3 ppb ‘U Basis) with a relative
precision of +/- 24.8% (95% confidence limit). Unsatisfactory results occur

when NO3- is present, therefore nitric acid is not used for digestion.
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Radiometric Determination of Cesium-137 - Method No: 4006

This method describes the radiometric determination of cesium-137
(Cs-137) in uranium matrices. Self-absorption losses may be considered
negligible if the sample contains less than four grams per liter of cesium.
A lower detection limit of five disintegrations per minute per milliliter, is
obtained by ensuring that the counting precision is at least 10% (relative to
its own count rate). An individual Cs-137 determination can be performed
in 4 to 6 hours.
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6.0 RUFS RADIOACTIVITY MEASUREMENT INSTRUMENTATION SPECIFIED

IN QAPP

The purpose of this section is to list the instruments utilized by the
International Technologies Laboratory to analyze RU/FS samples. The instruments
are listed for radioactivity type as well as specific radionuclides. This information
was obtained from the draft document of the Quality Assurance Project Plan (QAPP).

Radionuclide/Radioactivity
Gross Alpha

Gross Beta

Gamma Spectrometry

Radionucliae

Radium-226

Radium-228 -

Strontium-90

Instrument

Tennelec Low background
alpha/beta counting system
Ludlum Scaler Scintillation
Counters Models: 1000, 2000,
2200.

Tennelec low background

alpha/beta counting system.

Intrinsic Germanium Detector
and Nuclear Data Computer based
Gamma Spectrometer, ND9900.

Instrument

Alpha Spectrometer and/or
Nuclear Data Computer based
Gamma Spectrometer, Model
ND9900.

Tennelec Low Background
alpha/beta Counting System.

Same as Radium-228.

-
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~ Radionuclide

Technetium-99

Isotopic Thorium

Uranium Total

Uranium Isotopic

Isotopic Plutonium

Neptunium-237

Cesium-137

Instrument

Packard Liquid Scintillation
Spectrometer.

Alpha Spectrometer and
Nuclear Data Computer based
Gamma Spectrometer, Model
ND9900.

Alpha Spectrometer

Nuclear Data Computer based
Gamma Spectrometer, Model
ND9900.

Alpha Spectrometer and
Nuclear Data Computer based
Gamma Spectrometer, Model
ND9300.

Alpha Spectrometer and
Nuclear Data Computer based
Gamma Spectrometer, Model
ND3300. '

Intrinsic Germanium Detectors
and Nuclear Data Computer based
Gamma Spectrometer, Model
ND9900.
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